Although atrial pacing has been widely used clinically in biochemical studies of myocardial ischaemia,l2 many reports have indicated a poor correlation between changes in coronary sinus lactate concentration and the development of angina pectoris or ischaemic electrocardiographic abnormalities.34 Recent studies of regional coronary flow during pacing-induced ischaemia may explain the small changes in lactate concentrations which often occur. In an area of myocardium distal to a critical coronary stenosis, not only is there no increase in coronary blood flow to meet the increased metabolic demands induced by tachycardia, but there is an absolute fall in coronary flow.56 Reduced arterial flow in an ischaemic area causes retention of the end product of anaerobic metabolism in the tissue, and such metabolites as are washed out will be considerably diluted by the increased coronary venous effluent from non-*ischaemic myocardium. At 
Results

CLINICAL RESPONSE TO PACING
Atrial pacing studies were performed on 20 patients.
Two groups were defined by the clinical and electrocardiographic response to pacing.
(1) Non-ischaemic group (n=10)
Four patients had normal coronary arteries or <50% reduction in vessel diameter on coronary angiography. All had negative exercise tests and, apart from one patient with atypical chest pain before pacing, there was no angina or electrocardiographic abnormality during or after the pacing test. Significant coronary artery disease (>50% stenosis in one or more vessels) but no angina or electtocardiographic abnormalities on pacing were present in five patients. Three of these patients underwent an exercise test, and developed angina and diagnostic ST segment depression. None of the patients could be paced at a rate adequate to induce angina owing to the development of atrioventricular block. The failure to induce ischaemia in these patients is consistent with previous studies which showed that significantly higher heart rates are necessary to produce angina by pacing than by exercise.1'
One patient had severe right coronary artery disease and a normal left coronary artery. The venous effluent from the ischaemic area was shown on coronary arteriography to enter the coronary sinus close to its ostium, and therefore acid efflux could not be recorded by our technique.
These 10 patients comprised a "non-ischaemic group" in terms of the response to atrial pacing.
(2) Ischaemic group (n= 10)
Ten patients had significant left coronary disease with pacing-induced angina and/or diagnostic ST segment depression on the electrocardiogram. Nine of these patients underwent exercise testing. All developed angina, with diagnostic electrocardiographic abnor-malities in eight out of nine. These patients comprised an "ischaemic" group.
CHANGES IN CORONARY SINUS AND ARTERIAL PH
Of the 20 patients studied, 11 had coronary sinus pH recording alone, and in nine simultaneous arterial and coronary sinus recording was attempted. Simultaneous recording proved to be technically more difficult as a result of electronic interference. Of the nine simultaneous tracings, two coronary sinus and one arterial tracing were rejected as technically unsatisfactory, leaving a total of 18 coronary sinus and eight arterial tracings for analysis, divided equally between the ischeamic and non-ischaemic groups.
The coronary sinus pH tracings from two patients, one with an ischaemic response to pacing and one without angina or electrocardiographic abnormalities, are illustrated in Fig. 1. Fig. 2 shows the pooled data for the coronary sinus pH response in the two groups. The pH changes before pacing, in the last 120 seconds before the end of pacing, and the 180 seconds after restoration of sinus rhythm are shown. During pacing there was a fall in coronary sinus pH in the ischaemic group (that is an acidosis) which reached -0-021±+0-006 pH units (n=9) (p<0.01) at the end of 371 pacing, and was significantly different (p<0.005) from the mean value in the non-ischaemic group (+0-007±0-005 pH units, n=9). After pacing, no significant change in coronary sinus pH occurred in the non-ischaemic group, while in the ischaemic group mean pH fell in the first 10 seconds from -0*021±0.006 to -0-039+0-006 (p<0-001, paired t test). The mean maximum change in the ischaemic group was -0-052±0-009 which was significantly greater than the value obtained at the moment pacing ended (-0.021±0.006, p<0.001, see Fig. 4 ). The maximum fall in coronary sinus pH occurred at slightly different times in the 30 seconds after pacing was terminated (mean 16* 1 + 1 5 seconds from the end of pacing). Coronary sinus pH in the ischaemic group returned gradually towards control in the 180 seconds after pacing, while no further change occurred in the non-ischaemic group (Fig. 2) .
In Fig. 3 increasing heart rate. 14 Even at very rapid heart rates, however, the capacity for vasodilatation is not mean arteriocoro-exhausted'5 and no evidence of subendocardial )H units at the end ischaemia is found. 16 seconds later. It In the presence of coronary artery stenosis, the 'nificant change in capacity for distal vasodilatation may initially allow a conds after pacing, small increase in coronary flow through a stenosis. As coronary sinus pH efflux of hydrogen pacing han anv arterial nH e ,chaemic group did before, during, or ary sinus pH at the ith the most acidic inds after pacing in mic group (Fig. 4) Ischaemic proportion of metabolites from the ischaemic area, the end peak effluent is diluted by the increased venous effluent from non-ischaemic myocardium, so that the concentration of metabolites in venous blood changes relatively little during the period of ischaemia. At the end of pacing, coronary flow to the nonischaemic myocardium falls to control within six sec-/ onds7 while the flow to the ischaemic area increases 4 back to normal within three to five minutes.6 The ischaemic area is "reperfused" and its retained metabolites washed out at a time when the dilution from non-ischaemic venous effluent is lessening. It is not possible to estimate from our data whether the "washout" from the ischaemic area or the reduction in dilution by non-ischaemic effluent is more significant in causing the fall in coronary sinus pH after the end of pacing. A significant fall in coronary sinus pH did of course occur during pacing, indicating that there must have been efflux of hydrogen ions from the ischaemic area. sensitivity and specificity of coronary sinus lactate measurement during pacing in providing biochemical evidence of myocardial ischaemia in man may be condistal vasodilatation siderably enhanced by sampling frequently during the ronary flow through first 30 seconds after the end of pacing. the stenosis becomes directly proportional to the diastolic pressure/time index, which falls with increasing heart rate. There is also some evidence that coronary vasoconstriction may occur as a result of thromboxane release.'7 Thus, absolute reductions in coronary flow distal to a stenosis may occur5 6 affecting principally the subendocardium. '8 Such a reduction in coronary flow in the presence of increased metabolic and oxygen demands results in ischaemia. Tissue accumulation of the end products of anaerobic metabolism such as lactate and hydrogen ion may be expected as a result of increased production and decreased washout. Even such a freely diffusible gas as carbon dioxide is found to be retained in the myocardium during pacing-induced ischaemia. '9 Although there is undoubtedly efflux of some small
